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 2012 Elsevier Ltd. All rights reserved.Over the past 40 years, considerable attention has been given to
the obtainment of sesquiterpene lactones of furanoheliangolide
with emphasis on lactones of the goyazensolide and eremantholide
moieties. These compounds are remarkable secondary metabolites
that deserve special interest regarding their chemical and chemo-
taxonomical characteristics,1 particularly because many of them
display biological activities such as anti-inﬂammatory,2 analgesic,2
antimicrobial,3 anticancer4 and anti-feeding.5
The genus Eremanthus Less. belongs to the subtribe Lychno-
phorinae Benth of the tribe Vernonieae within the Asteraceae fam-
ily (Compositae).6 This genus comprises 20 species widely
distributed to the Brazilian Cerrado6 and some of these species like
Eremanthus erythropappa is rich in a-bisabolol and it has used in
distinct cosmetic preparations.7 Crude extracts from Eremanthus
elaeganus, Eremanthus seidelii, Eremanthus matogrossenssis and their
puriﬁed compounds have demonstrated antitumor, schistossomi-
cidal and anti-inﬂammatory activities.8 The chemical compositions
from Lychnophorinae species have been extensively investigated,
from which sesquiterpenes and sesquiterpene lactones have been
puriﬁed and identiﬁed in 90% of these species. In this context, ses-
quiterpene lactones can be subdivided into groups including
eudesmanolides (5%), germacranolides (10%), guaianolides (17%)
and furanoheliangolides (68%).8 Species of Eremanthus are known
by the occurrence of furanoheliangolide.8,9 From crude extract of
the E. seidelii leaves, seven major lactones of furanoheliangolidell rights reserved.moiety were obtained, of which four were related to the goya-
zensolide and three were similar to the eremantholide.8,9
Currently, dereplication of phytochemicals in plants selected
following their crude extract is regarded the key in ﬁnding poten-
tially novel natural products and the LC-ESI-MS and ESI-MSn in this
ﬁeld have been explored.10 With respect to the chemistry of natural
productswith emphasis on compounds in tribe Vernonieae, the fur-
anoheliangolide that presents a-orientation at carbon 8 in relation
to the plane of the ring furnishes a complete collection of ions well
described in terms of gas phase reactions.11 LC-ESI-MS methodol-
ogy12 has been used in dereplication studies involving plants of
the subtribe Lychnophorinae. Crude extract samples from E. seidelii
have been analysed by this methodologywhichwere elucidated the
molecular masses and the corresponding fragmentation patterns of
two minor compounds that do not relate with any major lactone
and bear unknown side-chains (see Supplementary data). Hence,
in this work, we described a rapid chemical re-investigation from
E. seidelii looking for possible new metabolites.
Leaves from E. seideliiwere collected in the Cerrado surrounding
the Furnas reservoir in southwestern Minas Gerais state, Brazil, in
September, 2011. The plant material was identiﬁed by Professor
João Semir (Botanical Department—University of Campinas/
UNICAMP). A voucher specimen was deposited at the herbarium
of the UNICAMP. These air-dried leaves (1 kg) were rinsed with
4 L of CH2Cl2 for 10 min at room temperature (27 C). The CH2Cl2
extract was passed though a paper ﬁlter and concentrated under
reduced pressure at 50 C to give 60 g (6%) of the crude extract.
An aliquot of this crude extract (20 g) was submitted to classic
chromatography of the short column model—SCM on silica gel 60
Table 1
Chemical structures, 1H, 13C, COSY, HMBC, HSQC spectroscopy data and HR-ESI-MS acquired to 1 and 2
P dC⁄(ppm) dH (ppm); am; cc (Hz) HMBC (C?H) HSQC (C?H)
Furanoheliangolide of the goyazensolide moiety
1 205.2 (C) — H2, H9a, H9b, H14 —
2 105.6 (CH) 5.70 (1H); s H4 H2
3 192.8 (C) — H2, H4, H5a, H15 —
4 33.4 (CH) 3.22 (1H); m; J(4, 5a) = 10.9, J(4, 15) = J(4, 5b) = 6.8 H2, H5a, H5b, H6, H15 H4
5a 42.1 (CH2) 1.91 (1H); dd; J(5a, 5b) = 13.5, J(5a, 4) = 11; J(5a, 6) = 10.9 H4, H15 H5a, H5b
5b — 2.42(1H); m; J(5b, 5a) = 13.5, J(5b, 4) = 6.8 — —
6 82.2 (CH) 4.49 (1H); dd; J(6, 5a) = 10.6, J(6, 7) = 4.5 H5a, H5b, H8 H6
7 54.1 (CH) 3.37 (1H); br s; J(7, 6) = 4.5, J(7, 13a) = 3, J(7, 13b) = 2.7, J(7, 8) = 2.2 H5a, H5b, H6, H9a, H9b, H13a, H13b H7
8 72.4 (CH) 4.38 (1H); d; J(8, 7) = 2.2, J(8, 9a) = 12, J(8, 9b) = 1.1 H6, H9a, H9b, H14, H13a, H13b H8
9a 44.9 (CH2) 2.45 (1H); m; J(9a, 8) = 12, J(9a, 9b) = 13.5 H8, H14 H9a, H9b
9b — 2.33 (1H); d; J(9b, 8) = 1.1, J(9b, 9a) = 13.5 — —
10 89.7 (C) — H2, H8, H9a, H9b, H14 —
11 133.7 (C) — H7, H13a, H13b —
12 168.9 (C) — H6, H7, H13a, H13b —
13a 124.7 (CH2) 6.19 (1H); d; J(13a, 7) = 3 H7 H13a, H13b
13b — 5.46 (1H); d; J(13b, 7) = 2.7 — —
14 20.9 (CH3) 1.48 (3H); s H9a H14
15 18.3 (CH3) 1.34 (3H); d; J(15, 4) = 6.8 H4, H5a H15
Compound 1: 4b,5-dihydro-40-hydroxy-15-deoxy-goyazensolide. ½a25D + 56.6 (c = 0.10, CH3Cl).
C19H22O7; m/z 363.1447 [M+H]+
10 165.6 (C) — H30a, H30b, H40 , H8 —
20 139.1 (C) — H30a, H30b, H40 —
30a 125.9 (CH2) 6.14 (1H); s H40 H30a, H30b
30b — 5.84 (1H); s — —
40 61.4 (CH2) 4.18 (2H); dd; J(40 , 30a) = 14.5, J(40 , 30b) = 4.8 H30a, H30b H40
Compoud 2: 4b,5-dihydro-20 , 30-epoxy-40-hydroxy-15-deoxy-goyazensolide. ½a25D + 65.7 (c = 0.27, CH3Cl).
C19H22O8; m/z 379.1384 [M+H]+
10 169.1 (C) — H20 , H30 , H40 , H8
20 60.4 (CH) 3.91 (1H); dd; J(20 , 30) = 12.8, J(20 , 40) = 3.5 H30 , H40 H20
30 60.2 (CH) 3.75 (1H); dd; J(30 , 20) = 12.8, J(30 , 40) = 9 H20 , H40 H30
40 49.2 (CH2) 2.91 (2H); dd; J(40 , 20) = 3.5, J(40 , 30) = 9 H20 , H30 H40
P: position; ⁄Assignments based on analyses of 13C and DEPT 135 NMR spectra; am: apparent multiplicity; cc: coupling constant; br s: broad singlet.
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and increasing the polarity with ethyl acetate (EtOAc). Sixty frac-
tions of 500 mL each were collected and monitored by TLC. Frac-
tions 19–24 were combined and dried at room temperature
crystallizing 1 g of 4b,5-dihydro-20,30-epoxy-15-deoxy-goyazenso-
lide; ½a25D + 117.0 (c = 0.20, CH3Cl). Fractions 27–34 were com-
bined obtaining a sample of 3 g. This sample was named I and it
was re-chromatographed on silica gel 60 short column chromatog-
raphy by collecting fractions of 100 mL using isocratic solvent sys-
tem with hexane–EtOAc 8:2 (v/v). Fractions 29I–44I were
combined and subjected to preparative TLC using hexane–EtOAc
6.5:3.5 (v/v) as eluent, furnishing 15 mg of compound 1. Fractions
39–42 were combined and puriﬁed by preparative TLC using hex-
ane–EtOAc 1:1 (v/v) as mobile phase, eluting three times to give
10 mg of compound 2. Fractions 46–52 were combined yielding a
total of 2.5 g. This fraction was re-chromatographed as sample I
using solvent system with EtOAc–hexane 9:1 (v/v) to furnish
690 mg of 4b,5-dihydro-20,30-dihydroxy-15-deoxy-goyazensolide;½a25D + 177.3 (c = 0.21, CH3Cl). The structures of these four
sesquiterpene lactones were established by 1D- and 2D-NMR
spectroscopic techniques (Bruker Avance DRX-500) and mass spec-
trometry data (Bruker micrOTOF-QII). Speciﬁc rotation values were
obtained on a Perkin-Elmer polarimeter. CD measurements were
carried out using a JASCO J-810 spectropolarimeter.
The single X-ray diffraction data collection was performed on a
Bruker APEX II DUO CCD diffractometer using graphite–monochro-
mated CuKa (1.54178 Å) radiation. The ratio of minimum to max-
imum apparent transmission was 0.901. The calculated minimum
and maximum transmission coefﬁcients (based on crystal size)
were 0.7924 and 0.9481, respectively.
The classic chromatography SCM was quite efﬁcient since it led
to the isolation of four lactones, two of which were major, ranging
between 600 and 1000 mg. This short column model is packaged
with small amount of silica (10 g to 1 g of sample) and the eluent
consists of low polarity solvent, which is able to slowly displace
the compounds along the column. Using this approach, we were
Figure 1. ORTEP view of (4S,6R,7S,8S,10R)-4b,5-dihydro-20 ,30-epoxy-15-deoxy-
goyazensolide, showing selected atoms labelling and the 50% probability ellipsoids.
Hydrogen atoms were drawn as spheres of arbitrary radii. Oxygen atoms are red
and carbon atoms are blue.
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extract from E. seidelii leaves conﬁrming our dereplication studies.
Compounds 1 and 2 are novel natural products obtained from
crude extract of E. seidelii leaves. 1 and 2 were evaluated by TLC
using different solvent systems and by NMR spectroscopy analyses
including 1H, 13C, DEPT, COSY, HMBC, HSQC, as well as by high-
resolution electrospray mass spectrometry-HRESIMS (Table 1).
The purities of such compounds were considered suitable to struc-
tural proposition. The spectroscopy analyses to furanoheliangolide
of the goyazensolide moiety showed signals similar to those of
already described for this skeleton type9,13 (Table 1).
Compound 1 was obtained as yellow oil. The 13C NMR spectros-
copy data of side-chain at carbon C-8 of 1 revealed the presence of
one hydroxylated carbon sp3 methylenes (d 61.4), one carbon sp2
methylenes (d 125.9), one carbon sp2 quaternary (d 139.1) and
one carbonyl carbon (d 165.6). The 1H NMR spectra displayed a
double of doublet at d 4.18 to two hydrogen showing the coupling
J40 ,30a at 14.5 Hz and J40 ,30b at 4.8 Hz, as well as two singlets taking in
account the positions 30b (d 5.84 to1H) and 30a (d 6.14 to1H). These
couplings could be also observed in the 1H–1H COSY correlation
data. The HMBC spectrum displayed correlations of the carbonyl
carbon C-10 and carbon sp2 quaternary C-20 with hydrogen H30a,
H30b and H40. The carbon C-10 was also related with hydrogen H8
at furanoheliangolide skeleton. The carbon C-30 with hydrogen
H40 and carbon C-40 with hydrogen H30a and H30b could be corre-
lated simultaneously. The molecular formula of compound 1 was
C19H22O7, as established by high-resolution ESITOFMS data at m/z
363.1447 [M+H]+ and m/z 385.1260 [M+Na]+ with maximum error
of 2.7%. The overall data allowed us to name compound 1 as 4b,5-
dihydro-40-hydroxy-15-deoxy-goyazensolide.
The 1H NMR spectra of compound 2 presented three double dou-
blets at d 3.91 to hydrogen H20 (1H, J20 ,30 = 12.8 Hz, J20 ,40 = 3.5 Hz); d
3.75 to hydrogen H30 (1H, J30 ,20 = 12.8 Hz, J30 ,40 = 9 Hz); and d 2.91
to hydrogen H40 (1H, J40 ,20 = 3.5 Hz, J40 ,30 = 9 Hz). The coupling con-
stants at 12.8 Hz and 3.5 Hz are typical: they reﬂect the trans con-
ﬁguration between hydrogen H20 and H30 and the coupling
between hydrogen H20 and H40, respectively. The constant at 9 Hz
refers to the orto coupling taking in account hydrogen H30 and
H40. HSQC, HMBC and 1H–1H COSY correlation data are shown in
Table 1. Two signals of carbon sp3 methines at d 60.2 to carbon C-
30 and d 60.4 to carbon C-20 are a lot similar, conﬁguring an epoxygroup. In addition, one hydroxylated carbon sp3 methylene (d
49.2) and one carbonyl carbon (d 169.1) could be also observed in
the 13C NMR spectra. Compound 2 resembles a yellow resin, and
its molecular formula is C19H22O8 as established by ESITOFMS data
atm/z 379.1384 [M+H]+ andm/z 401.1195 [M+Na]+ withmaximum
error of 0.7%. Therefore, compound 2 was identiﬁed as 4b,5-dihy-
dro-20, 30-epoxy-40-hydroxy-15-deoxy-goyazensolide.
To obtain information about the absolute stereochemistry of the
goyazensolide moiety CD analysis of compounds 1 and 2 in addi-
tion to those of the other two isolated compounds, was performed
initially. All four spectra showed negative cotton effect around 235
and 270 nm, as previously described for correlated sesquiterpene
lactones.14 This data conﬁrm a trans-fused a-methylene-c-lactone
ring between C-6 and C-12 with a a-conﬁguration2 for H7 thus
conﬁrming the 7S conﬁguration. The crystal structures of two ana-
logues of 1 and 2 have been reported.15 Hence, taking into consid-
eration the CD data, the previously published information15 and
the crystal structure of the major metabolite described herein
(Fig. 1) it is possible to deﬁne the goyazensolide moiety stereo-
chemistry for all isolated compounds. By ﬁxing the C-7 stereo-
chemistry (obtained by CD), it is possible to observe at ORTEP
view the similar moiety arrangement as previously published.15
Then, these data allowed us to deﬁne compounds 1 and 2, in
addition to those of the other two analogues, as (4S,6R,7S,8S,10R).
Finally, compound 2 has an epoxide at the side chain, and the
E-stereochemistry was deﬁned based on the NMR data (Table 1).
Sesquiterpene lactones have drawn attention for their great po-
tential applications in the pharmaceutical and agrochemical indus-
tries. Advance technologies have led to a substantial increase of
knowledge with regard to their isolation, puriﬁcation and struc-
tural elucidation. Our research group has dereplicated some crude
extracts from different Eremanthus species by LC-ESI-MS aiming at
the discovery of new compounds. In such studies, we detected two
major lactones (4S,6R,7S,8S,10R)-4b,5-dihydro-20,30-epoxy-15-
deoxy-goyazensolide and (4S,6R,7S,8S,10R)-4b,5-dihydro-20,30-
dihydroxy-15-deoxy-goyazensolide and two uncommon minor
lactones from an E. seidelii sample. These minor lactones were fur-
ther studied by SCM chromatography and spectroscopy tech-
niques. These led to, reliable structural elucidations of two novel
sesquiterpene lactones furanoheliangolide of the goyazensolide
moiety in the E. seidelii leaves: (4S,6R,7S,8S,10R)-4b,5-dihydro-40-
hydroxy-15-deoxy-goyazensolide and (4S,6R,7S,8S,10R)-4b,5-dihy-
dro-20, 30-epoxy-40-hydroxy-15-deoxy-goyazensolide.
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